Allergy to common agents, such as plant pollens, dust mites and foods, is termed atopy. Atopy is the principal cause of the chronic inflammatory diseases of eczema (the skin), hayfever (the nose) and asthma (the lungs) in children and young adults. Atopy affects millions of individuals in Japan and other developed countries and is a major source of chronic ill health in childhood and of major health expenditure. Current treatments only control symptoms and there is an urgent need for a more fundamental understanding of the origins of atopy in order to plan more effective treatment and prevention. This may become a useful model for other common multifactorial disease.
I NTRODUCTION
Shirakawa et al . [1] [2] [3] [4] have conducted a collaborative research program examining the origins of atopy over the past 20 years and have provided evidence that human genetic variation, single nucleotide polymorphisms (SNP) and exposure to environmental factors in early childhood are the key factors in this context. Their identical twin studies 3 indicated the importance of environmental factors, as well as genetic factors, which allow us to start an intervention study for the prevention of allergic disorders.
S INGLE NUCLEOTIDE POLYMORPHISMS WITHIN INTERLEUKIN -4/ INTERLEUKIN -13 SIGNALING OF IMMUNITY
A revolutionary development in molecular genetic research techniques has enabled us to examine the human genome for the occurrence of genetic variants that are relevant to the immune system and to the development of allergy. We have been able to demonstrate that genetic variants, influencing a number of functions within the immune system, contribute to the atopic disorder. In particular, we have emphasized the importance of SNP within interleukin (IL)-4/IL-13 coding genes (Table 1) .
1 These findings are of immediate importance for the planning of new drug therapies in atopy and asthma. However, this candidate approach, although relevant, does not allow us to identify novel genes. Therefore, we started, at SNP Research Center in Riken, a case-control study screening the whole genome for SNP that may be of interest for allergic disorders using the linkage disequilibrium analysis. After 2 years extensive work, our team has finally identified a final 37 candidate SNP for asthma (Table 2) . However, allergy is a multifactorial disease and the mechanisms by which identified genetic variants interact each other have hardly been discussed. Using two major multivariate analysis tools, namely logistic regression (LR) and artificial neural network (ANN), our collaborators investigated whether multiple candidate SNP can define genetic predisposition to asthma. In addition, new techniques have been introduced in collaboration with several national centres on the basis of transcriptome, proteome and other biological approaches to clarify functional validation of candidate SNP.
L IFESTYLE FACTORS AND I G E
It is widely acknowledged that the immune system is affected by environmental and lifestyle factors. In a large-scale industrial population, we performed a survey with which we were able to demonstrate that several comprehensive lifestyle factors, but not a single individual factor such as smoking, drinking or mental stress, played a significant role in controlling the key allergic molecule IgE (Table 3) .
2 IgE levels are also dependent on a combination of multiple genetic variants, especially among the IL-4 receptor and its signaling. Because there is no model available to explain the interaction between genetic and environmental factors, our model for IgE may provide a new tool for analysing the interaction between genetic and environmental factors.
A SSOCIATION OF LIFESTYLE WITH A HIGH RISK OF HYPERIMMUNITY AND IMMUNOSUPPRESSION

MEDIATED BY I G E
To test the hypothesis that the increase in allergic prevalence is related not only to environmental allergens, but also to comprehensive lifestyle, we administered a questionnaire to 733 workers at a hard metal plant that included 17 physical and mental health practices. 3 We have shown that eight practices are associated with increases or decreases of total and specific IgE levels, serving to keep them within the normal range (5-400 IU/mL), after controlling for age, sex and environmental factors. A significant ( P < 0.05) trend for IgE to increase with a higher Health Practice Index in Allergic Reaction (HPIA) 6 category was found within age astrata, whereas an age-related decline (total) or increase (specific) in IgE level was found after controlling for HPIA (Fig. 1) .
3
Further confirmation of the definite effect of lifestyle on allergic reactions comes from higher heritability among younger pairs of identical twins of total IgE levels and 
Arg551/Gln551(*) A1398/A1398(*) Japanese Atopic asthma allergic disorders than among older pairs of identical twins. A marked synergism was found between undesirable lifestyle factors such as bipolar high-risk factors for the development of allergic diseases and immunosuppression characterized by low natural killer (NK) cell activity, through which levels of the soluble low-affinity IgE receptor are kept low.
3 Therefore, an effort to practice 'desirable' lifestyles may be of benefit in reducing the risk of immunoallergic disorders.
To examine the cumulative effect of lifestyle on allergic disorders, we investigated allergy discordance in monozygotic twin (MZT) pairs, as shown in Table 4 .
3 The twin pairs were divided according to their allergic concordance into the following three groups: (i) both positive for allergy histories; (ii) only one positive; and (iii) neither positive. In the MZT pairs, there was an apparent gradient between HPIA score, IgE levels and allergic symptoms (Table 4) . 3 Pairs with both twins having positive allergy Relative risk, odds ratio between high-and low-risk categories. a With high IgE (> 400 IU/mL) and/or positive allergic history.
b P < 0.01 on the basis of Chi-squared test; c P < 0.05.
HPIA, Health Practice Index in Allergic Reaction.
6
histories had a significantly (P < 0.05) higer mean HPIA score (5.88 ± 0.88) than pairs with both having negative allergy histories (4.60 ± 0.78). Among the pairs with one twin positive, the person with a positive history of allergy showed a significantly (P < 0.05) higher mean HPIA score (5.67 ± 0.88) than the person without a positive history (4.53 ± 0.85). These findings suggest that discordance of lifestyle between pairs may cause discordance of total IgE levels, which is responsible for discordance of allergic symptoms.
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HYGIENE HYPOTHESIS
Allergy is a disorder of the immune system, but the prime function of the immune system is to protect the body from harmful infectious agents. Consequently, the question arises whether patterns of exposure to infectious agents can influence the risk of allergy. It is clear that the recent rapid rise in atopic disease has been seen in 'developed' environments, where exposure to infectious agents in lungs and the intestine has fallen swiftly due to Fig. 1 Cummulative impacts of eight health practices in the Health Practice Index in Allergic Reaction (HPIA) 6 on log (total IgE levels) and cobalt-specific IgE in male subjects with exposure to hard metal dust. The three categories are low (0-4), medium (5,6) and high (7, 8) HPIA scores. After controlling for age, the increases in total and specific IgE levels were significant (P < 0.05) between the high and low HPIA categories. In addition, there were significant (P < 0.05) trends for IgE to decrease (total) or increase (specific) with age, except for members of the low HPIA category. *Note that discordance of allergic prevalence and/or total IgE levels is associated with age difference in populations studied. a P < 0.05 compared with neither twin having symptoms; b P < 0.05 compared with one of the twins without symptoms.
improved hygiene (Fig. 2) . 4, 8, 9 This is called the 'hygiene hypothesis'.
We have shown, in a large population of children from Wakayama, that exposure to the tuberculosis microrganisms in early life very strongly predicts less allergy and asthma in later childhood (Table 5) . 5 We proposed that such infections in early life program the immune system in a way that is antagonistic to the development of allergic disorders. Results of different investigations are given in Table 6 . Our suggestion has been confirmed by other investigators, showing that tuberculosis organisms can prevent experimental allergy in mice. In addition, it is well known from recent epidemiological surveys 10, 11 that early development of mucosal flora seems to be important in preventing the future development of atopy. However, it remains unknown how gut bacilli may interact with genes predisposing to allergy. Thus, it is necessary to develop a model to analyze the relationships between genetics and environmental factors and to develop a 'model' to clarify the effects of environmental factors. Our work may lead to the development of vaccines that could be tested for preventing allergy and asthma.
FUTURE PERSPECTIVE: GENERAL POPULATION SURVEY AT OGUNI TOWN
To verify our preventive strategy for allergic disorders, we did our best to organize a general population survey at Oguni Town, Kumamoto Prefecture, where our group investigates all inhabitants to collect information on genetic, environmental and lifestyle factors. We are now making a new model to integrate these factors and to predict the development of allergic disorders. The location of Oguni Town is shown in Fig. 3 . On the basis of this model, we will develop a new preventive program there. Throughout this study, we provided a new comprehensive model to make profound understanding of pathogenesis of allergic disorders by integrating ongoing genetic analysis with environmental and lifestyle factors and developed a preventive program, which may be available for other common diseases. **P < 0.01; ***P < 0.001 (Student's t-test); † P < 0.05, † † P < 0.01, † † † P < 0.001 (median test); ‡ P < 0.05, ‡ ‡ P < 0.01, ‡ ‡ ‡ P < 0.001 (χ 2 ) all compared with group 1.
§ Where possible, maximum and minimum values are given in parentheses.
ASE, allergen-specific IgE; UD, undetectable; IL, interleukin; IFN, interferon; BMI, body mass index. 
